Objective: This is a retrospective study to evaluate the effect of using the antioxidants containing coenzyme Q10 (CoQ10) and omega-3 in patients undergoing in vitro fertilization and intracytoplasmic sperm injection (IVF-ICSI) for unexplained infertility. Materials Methods: A total of 299 patients undergoing IVF-ICSI for unexplained infertility at the IVF center of Ondokuz Mayıs University were studied. The subject group consisted of 135 patients who used OMEPA Q10 (Co Q10 100 mg, omega-3 600 mg, eicosapentaenoic acid 300 mg, docosahexaenoic acid 230 mg) for two months before ovarian stimulation. A group of 164 patients who did not use the supplement were evaluated as the control group. Results: The pregnancy rate of patients using antioxidants was statistically higher than that of those who did not use the supplement (p < 0.05). The pregnancy rates of patients in the two groups were 32.9% and 49.6% respectively. The pregnancy rate of patients using antioxidants was statistically higher than that of those who did not use the supplement (p < 0.05) seemed not enough. Conclusion: We concluded that using antioxidants that contain Co Q10 and omega-3 in patients undergoing IVF-ICSI for unexplained infertility increased the clinical pregnancy rate. We recommend using antioxidants that contain Co Q10 and omega-3 in infertile patients.
Introduction
Today, despite many advances in infertility treatment, the rate of achieving live pregnancy after the first cycle of in vitro fertilization (IVF) is still around 29% [1] . Therefore, various alternative treatments are used to increase IVF success.
Nutritional supplements are one of these alternative treatments. Antioxidants are the most important nutritional supports; vitamins C and E, omega-3, polyunsaturated fatty acids, melatonin, L-arginine, and coenzyme Q10 (Co Q10) are the main antioxidants used [2] . Many in vivo and in vitro free oxygen radicals occur during assisted reproduction processes [3] . These radicals prevent oocyte maturation [4] and embryo growth [5] . The use of antioxidants can contribute to the IVF process by eliminating these oxygen radicals. In unexplained infertility patients, it has been found that free oxygen radicals increased and some antioxidants decreased in follicular fluid [6] . Co Q10, also referred to as ubiquinone, is found in the inner membrane of mitochondria [7] and helps mitochondrial energy production by providing electron transport [8] . This energy production is vital for the continuation of normal reproductive function, since oocyte maturation, fertilization, and implantation of the embryo into endometrium are energy-dependent processes [9] [10] . Unlike other cells, oocytes and early embryos completely derive their energy requirement from oxidative phosphorylation [11] . Omega-3 consists of alpha-Linoleic acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Omega-3 is essential for the synthesis of cholesterol, the precursor of estradiol synthesis. Studies have shown that omega-3 uptake contributes positively to embryo morphology [7] . Unexplained infertility diagnoses include patients for whom standard tests cannot identify the cause of infertility. Such patients constitute 15% -30% of the infertile patient population [12] [13] . The inability to detect causes of infertility with known diagnostic methods supports the idea that molecular-level defects or nutrition problems are the main cause of infertility. A lack of several micronutrients was detected in patients with unexplained infertility [14] . This deficiency may decrease the quality of oocytes by causing an increase of oxygen radicals in oocyte microenvironments [15] . Thus, it has been suggested that antioxidant supplements may improve the success of IVF by providing a positive effect on oocyte quality. This study investigates this suggested effect of omega-3 and Co Q10 usage in order to determine whether it can improve IVF success in unexplained infertility patients. tic ovary syndrome were excluded from the study. One hundred and thirty five patients used OMEPA Q10 (Co Q10100 mg, omega-3 600 mg, EPA 300 mg, DHA 230 mg; TAB, Turkey) for two months before ovarian stimulation. These were registered as the subject group, while 164 patients who did not take the supplement were evaluated as the control group. As all patients recorded to the center after 2013 used omega 3 and Co Q10 as antioxidant routinely so they were involved in the subject group, patients before the date were included in the control group. All patients were examined during the early follicular phase. 
Materials and Methods

Statistical Analysis
The data were analyzed with IBM SPSS V.23. The appropriateness of the normal distribution of the data was examined by the Shapiro-Wilk test. While comparing non-normal distribution data according to antioxidant usage, a non-parametric method, the Mann-Whitney U test, was used. When the categorical data were analyzed, the chi-square test was used. Quantitative data were presented in the form of a median (min-max), while the qualitative data were presented as a frequency (percent). The significance level was taken as p < 0.05.
Power analysis results estimated that it would be sufficient to take 60 cases in the patient group and 120 cases in the control group to have 95% confidence and 81.3% test power (Gat et al., 2016).
Results
Two hundred ninety-nine patients were included in the study. While 164 did not use any antioxidants, 135 patients used the supplement. There is not a meaningful difference between the groups using and not using antioxidants according to age, antral follicle count or basal FSH (p > 0.05) ( Table 1 ). The median value of gonadotropin doses was found to be 2550 IU in the patients who used antioxidants and 3600 IU in patients who did not use antioxidants; the difference between the groups was statistically significant (p < 0.01). There is no significant difference between the groups regarding other parameters (p > 0.05) ( Table 2 ).
The pregnancy rate of the patients using antioxidants was statistically higher than those who did not use the supplement (p < 0.05); the rate of pregnancy for the antioxidant group was 49.6%, and the rate for the other group was 32.9% (Table 3 ).
Discussion
The results of this study indicated that clinical pregnancy rate significantly increased when omega-3 and Co Q10 were used as an antioxidant treatment for patients with unexplained infertility undergoing IVF-ICSI. In addition, the total gonadotropin dose required for stimulation was significantly lower in patients using antioxidants. The information available in the literature supports these findings. It has been shown that increased oxidative stress is a reason for infertility [17] . Oxidative stress is the result of antioxidant mechanisms being inadequate in clearing increased free oxygen radicals. Free oxygen radicals occur in vivo in both the male and female genital tract and in vitro during IVF procedures [3] . While certain levels of oxygen radicals are required for normal reproductive function, increasing levels of the radicals damage reproductive cells [18] .
Increased free oxygen radicals disrupt nearly all components of the cell proteins, lipids, nucleic acids, carbohydrate structures and so on this damages the mitochondrial function and therefore reduces energy production. This negatively affects oocyte maturation, which is an energy-dependent process, and therefore shown that when the process of Co Q10 synthesis is damaged in rats, energy production is reduced, leading to infertility caused bymeiotic spindle anomalies [9] . Levels of glutathione peroxidase enzyme, an antioxidant, were found to be low in the follicular fluid of unexplained infertility patients [6] . It is estimated that in these individuals, Co Q10 taken in the diet may clear increased oxygen radicals in the follicular microenvironment and increase energy production leading to a better oocyte formation. Gat et al. did not find a statistically significant increase in pregnancy rates between poor ovarian reserve patients using Co Q10 in combination with dehydroepiandrosterone sulfate (DHEA) and those using DHEA alone [20] . However, a control group was not used in this study;
DHEA was routinely given to both groups. On the other hand, Bentov et al.
showed that use of Co Q10 increased pregnancy rates in patients who underwent IVF-ICSI in randomized controlled trials, but this result was not statistically significant because of the low number of patients [8] . This finding is in agreement with the results of our study. Youssef et al. used antioxidant preparations containing vitamins A, C, and E, zinc, molybdenum, selenium, biotin, and bioflavonoids in unexplained infertility groups; these groups showed no difference in clinical pregnancy rates [21] . Despite the similar patient group, the significant increase in clinical pregnancy rates revealed in the current study may be due to the fact that CoQ10 is not only an antioxidant but also an agent that increases mitochondrial energy production. Besides increasing the production of mito-chondrial energy by providing electron transport, Co Q10 saves the mitochondria from oxidative stress [8] . Considering that oocytes and embryos receive their energy needs from oxidative phosphorylation, the presence of adequate and necessary energy levels seems essential for quality oocyte and embryo development. Studies have implicated that chromosomal disorders, the arrest of oocyte maturation, and impaired embryo development occur because of failures in the mechanism of oxidative phosphorylation [9] [10] [22] . The study performed by Akarsu et al., which measured Co Q10 levels in follicular fluid from patients undergoing IVF-ICSI for unexplained infertility, put forth that higher quality oocytes and embryos and a higher pregnancy rate were found in patients with high Co Q10 levels [23] . The high efficiency of Co Q10 as a lipid soluble antioxidant is proven by its localization, effective reactivation, and relatively high concentration [24] . In the present study, the use of antioxidants reduced the total gonadotropin dose administered for ovarian stimulation although there is no change in stimulation protocols. Similar findings were observed by Gat et al. who found that Co Q10 reduced the total gonadotropin dose in patients with poor ovarian reserve [20] . The authors argued that Co Q10 could increase the sensitivity of follicles to gonadotropins. Turi et al. showed the presence of Co Q10 in the follicular fluid first, and they speculated that it may have distinct roles from that found in the mitochondrial inner membrane [19] . This result supports the findings of the present study; particularly in confirming that Co Q10 may enhance the sensitivity of follicles to gonadotropins. Endometrial secretions and fluid have been shown to be effective in feeding the embryo during the preimplantation phase [25] . Increased pregnancy rates may also be associated with the elimination of oxidants and energy deficiencies in the endometrial fluid. It was also found that the implantation potential of the embryo is related to the energy content of the embryo [10] . Although this study is retrospective, it may be a guide for prospective studies to be performed in this area, since it includes a large population of patients. The most important limitation of our study is that omega-3 and Co Q10 are used together; therefore, it is not possible to comment on which is more effective or whether they have a synergistic effect in increasing the pregnancy rate. This study is an observation of an apparent change in clinical pregnancy that coincided with the introduction of a nutritional supplement. The interpretation of this needs to be much more cautious as there are many other factors that could potentially account for this improvement i.e. laboratory experience although we didn't have any change in protocols for unexplained infertility patients during the time.
Conclusion
We found that using antioxidants containing Co Q10 and omega-3 in patients with unexplained infertility undergoing IVF-ICSI increased the clinical pregnancy rate. There is a need for randomized controlled studies in order to precisely show the effect of CoQ10 and omega-3 when used in the treatment of unexplained infertility.
